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 Introduction 
 
The draft Auckland Unitary Plan outlines the future land used for new housing and businesses with 
Auckland population growth over the next thirty years.  According to Auckland Unitary Plan, over 
the next 30 years, the population of Auckland is projected to increase by one million, and up to 
70% of total new dwellings occur within the existing urban area.   
Intensification will not only increase the number of median or higher density houses within the 
existing urban area but also change mean housing design data (such as mean ratio of building 
surface to volume) that can impact building thermal performance under the local climate, which 
can impact mean energy consumption of future Auckland housing.  
 
 Introduction 
 
According to previous studies, an Auckland house uses more energy during the winter than other 
seasons.  Extra winter energy of a house mainly comprises space heating energy and extra energy 
for hot water and all appliances during the winter, which is closely related to building thermal 
design and performance under the local climate.   
 Research Method 
 
• Based on energy consumption of 200 Auckland sample houses, mean extra winter energy is a 
large portion (28.4%) of mean winter energy of Auckland sample houses.  Mean total winter 
energy consumption is also a large portion (32.3%) of mean total annual energy consumption of 
the sample houses.  Building thermal design for energy efficiency of Auckland housing should 
focus on building thermal performance under the winter climate conditions.  
 
• This study uses relationships between winter energy consumption and building design data of 
the Auckland sample houses to estimate the future mean housing winter energy consumption 
associated with the Auckland Unitary Plan. 
 
• The study uses the mean daily energy usage per unit volume (m3) of house indoor space 
(kWh/m3day) as the basic energy consumption unit because winter extra energy consumption is 
mainly related to indoor thermal conditions. 
 
 Housing Design Data: 
Ratio of Building Surface to Volume 
 According to the Unitary Plan, more median density or higher density housing such as Attached house, terrace 
house and low rise apartment building, with lower ratio of building surface to volume than single house, will be 
built in the existing residential areas.  In the future, the mean ratio of building surface to volume in Auckland 
residential area will decrease with the Auckland Unitary Plan.  
According to Auckland sample houses, an increase in winter energy consumption is associated with an 
increasing trend in the ratios of building surface to volume of the sample houses (see Fig. 1).  Table I shows that 
relationships between reduction of mean winter energy and decrease of mean ratio of building surface to 
volume of the Auckland sample houses.  Decreasing mean ratio of building surface to volume in the Auckland 
residential areas can positively impact on reducing housing winter energy.  
Fig. 1 Winter energy consumptions and ratios of 
building surface to volume of sample schools 
Winter Energy Reduction Surface/Volume Decreasing 
0.0755 Mean 0.6337 Mean 
0.0717 5% 0.6293 0.7% 
0.0646 10% 0.6210 2.0% 
0.0549 15% 0.6098 3.8% 
0.0439 20% 0.5972 5.8% 
TABLE I 
REDUCTION OF WINTER ENERGY (KWH/M3/DAY) WITH DECREASING 
RATIO OF BUILDING SURFACE TO VOLUME 
 Housing Design Data: 
Ratio of Roof Surface Area to Indoor Space Volume 
 
Fig. 2 Winter energy consumption and ratio of roof 
area to indoor space volume 
Winter Energy Reduction Roof/Volume Decreasing 
0.0755 Mean 0.3545 Mean 
0.0717 5% 0.3507 1.1% 
0.0646 10% 0.3433 3.2% 
0.0549 15% 0.3333 6.0% 
0.0439 20% 0.3219 9.2% 
TABLE II 
REDUCTION OF WINTER ENERGY (KWH/M3/DAY) WITH DECREASING 
RATIO OF ROOF AREAS TO INDOOR SPACE VOLUME 
An Auckland house loses about 40% heat through roof and about 20% heat though wall during the winter.  As 
more two or three stories terrace houses and low rise apartment buildings will be built in the existing residential 
area, mean ratio of roof area to building indoor space in Auckland residential areas will be decreased in the 
future, and multi-floors can also supply more protection from heat loss through the roof.  
According to the Auckland sample houses, an increase in winter energy consumption is associated with an 
upward trend in the ratios of roof area to indoor space volume of the 200 Auckland sample houses (see Fig. 2).  
Table II shows that relationships between reduction of mean winter energy and decrease of mean ratio of roof 
area to indoor space volume of the Auckland sample houses.  Decreasing mean ratio of roof area to indoor space 
volume in the Auckland residential areas can positively impact on reducing housing winter energy.   
 Housing Design Data: 
Ratio of Wall Surface Area to Indoor Space Volume 
 
Fig. 3 Winter energy consumption and ratio of 
wall area to indoor space volume 
Winter Energy Decreasing Wall/Volume Decreasing 
0.0755 Mean 0.4233 Mean 
0.0717 5% 0.4212 0.5% 
0.0646 10% 0.4171 1.5% 
0.0549 15% 0.4116 2.8% 
0.0439 20% 0.4053 4.2% 
TABLE III 
REDUCTION OF WINTER ENERGY (KWH/M3/DAY) WITH DECREASING 
RATIO OF WALL AREAS TO INDOOR SPACE VOLUME 
As more terrace houses and apartment buildings will be in the existing residential areas, there will be more 
partition walls between dwellings or apartments and less external walls per unit of indoor space of new 
residential buildings.  Mean ratio of wall area to indoor space volume in Auckland residential areas will be 
decreased in the future. 
An increase in winter energy consumption is associated with an increasing trend in the ratios of wall area to 
indoor space volume of the 200 Auckland sample houses (see Fig. 3). Table III shows that relationships between 
reduction of mean winter energy and decrease of mean ratio of wall area to indoor space volume of the 
Auckland sample houses.  Decreasing mean ratio of wall area to indoor space volume in the Auckland 
residential areas can positively impact on reducing housing winter energy.  
 Housing Design Data: 
Ratio of Window Area to Indoor Space Volume 
 
 
Fig. 4 Winter energy consumption and ratio of 
window area to indoor space volume 
Winter Energy Decreasing Window/Volume Decreasing 
0.0755 Mean 0.0875 Mean 
0.0717 5% 0.0868 0.8% 
0.0646 10% 0.0854 2.4% 
0.0549 15% 0.0835 4.5% 
0.0439 20% 0.0814 6.9% 
TABLE IV 
REDUCTION OF WINTER ENERGY (KWH/M3/DAY) WITH DECREASING 
RATIO OF WINDOW AREAS TO INDOOR SPACE VOLUME 
More terrace house and apartment building with more partition walls between dwellings or apartments and less 
external walls per unit of indoor space of new residential buildings can decrease ratio of wall area to indoor 
space volume and also can potentially reduce mean ratio of window area to indoor space volume in the 
residential areas.  
An increase in winter energy consumption is associated with an upward trend in the ratios of window area to 
indoor space volume of the 200 Auckland sample houses (see Fig. 4).  Table IV shows that relationships between 
reduction of mean winter energy and decrease of mean ratio of window area to indoor space volume of the 
Auckland sample houses.  Decreasing mean ratio of window area to indoor space volume in the Auckland 
residential areas can positively impact on reducing housing winter energy. 
 Housing Design Data: 
Ratio of Window Area to Floor Area 
 
 
Fig. 5 Winter energy consumption and ratio of 
window area to floor area 
According to a minimum requirement for day lighting of the compliance document for New Zealand building 
Code, vertical windows in external walls of a house shall have a window area of no less than 0.1 of the floor 
area.  The ratios of window area to floor area in the sample houses are 0.08 to 0.37 and the mean ratio is 0.21.  A 
house with a high ratio of window to floor has good day lighting but negative thermal conditions during the 
winter.  A high ratio of window to floor results more heat loss during the winter and using more heating energy.  
An increase in winter energy consumption is associated with an upward trend in the ratios of window area to 
floor area of the 200 Auckland sample houses (see Fig. 5).  Window design should meet the minimum 
requirement of day lighting and also avoid the big ratio of window to floor area which can create major heat 
loss during the winter. 
 Conclusion 
 
• According to the draft Auckland Unitary Plan, increasing median and higher density housing 
such as terrace houses, apartment buildings, etc. in the existing residential areas can change 
mean housing design data.  Changing those major building thermal design data such as ratio of 
building surface to volume, ratios of roof, wall, and window to indoor space volume can impact 
housing thermal performance under the local climate and mean housing winter energy 
consumption.   
• Based on relationships between building design data and winter energy consumption data of the 
200 Auckland sample houses, increasing median and higher density housing is associated with 
the decrease of mean winter energy consumptions.     
• An Auckland house normally uses much more energy than other seasons and winter energy is 
large portion of annual energy consumption.   Decreasing winter energy can significantly reduce 
annual energy consumption of an Auckland house.  The Auckland Unitary Plan can potentially 
reduce the future mean housing winter energy consumption in the residential areas and 
positively impact Auckland housing energy efficiency.  
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